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Study The Homogeneity of Mixing a Binary 
Polyethylene Granular Mixture in Fluidised Bed 
Mixer 
 
Abstract—Since the 1940s the techniques of mixing indices 
have been used to determine the level of homogeneity in solid 
mixtures. At present, many mixing indices have been proposed to 
measure the evolution of the homogeneity of mixture. This paper 
presents observation the analysis of variance six of these mixing 
indices. The study is based on the comparison of experimental 
data obtained on mixing a binary polymer mixtures using 
bubbling fluidised bed. Experimental results are discussed and 
compared with values obtained for various gas velocity and bed 
depth. However, variance mixing indices proposed in the 
literature give different results for the determination of mixing 
indices. The results obtained show that gas velocity and bed 
depth are important parameters influencing solid mixing in a 
bubbling fluidised bed. Whilst it was obtained the Lacey mixing 
index is the best efficient compared with others. 
 
Index Terms—Particle mixing; Fluidisation; Mixing 
indices; Mixture homogeneity. 
    
I. INTRODUCTION 
Many industrial processes involve the mixing of solid 
particles including pharmaceutical, chemical, petrochemical, 
and plastics. Ideally, final particle powder mixture should be 
completely homogeneous, that is, unsegregated [1]. This is 
critical in an area such as the plastics industry where the 
manufacturer must produce a specific amount of different 
types of polymer in the final mixtures and the consequences of 
being wrong can change the properties of products. 
The basic mechanism of solids mixing in bubbling   
fluidised beds is well understood [2]. Achieving good mixing  
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particulate solids of different size and density is important in 
many of the process industries, and yet it is not a trivial 
exercise. The mixing process depends on numerous 
parameters such as time, temperature, sequence of material 
addition, powder size and shape, shear rate and powder 
loading [3]. 
The objective of the present work is comparative study of 
mixing indices and determines the optimum operating 
conditions in order to obtain a final mixture of specified 
compositions of white polymer and black polymer, namely, 
3:1, respectively. 
II.  THE QUALITY OF MIXING 
The end use of particle mixture will determine the quality of 
mixture required. The quality of mixing can be assessed by 
examining the degree of mixing of particles in the final 
mixture. Over the past fifty years many indices have appeared 
in the literature. Most of these indices have been developed 
based on statistical analysis an especially on the definitions of 
the specified property.   
The most common approach to evaluate mixture 
homogeneity was first introduced by Lacey [4] namely the use 
of mixing indices. Considering Number of samples, each 
containing  n  particles, estimate of the mixture composition 
value is given by Eq (1), and the sample variance is given by 
Eq (2).  
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Where 
−
y  is the mixture composition, yi is ith value of the 
proportion of one component in the samples, N  is the number 
of particles in the sample and S is the standard deviation.   
Lacey [4] showed that the variance of completely segregated 
mixture, 
2
0 σ , can be expressed as:         
                    ) 1 (
2
0 P P − = σ                                                 (3) 
where P and (1-P) are the proportions of the two components 
estimated from the samples. When any sample is withdrawn 
from a fully randomized mixture, the variance, 
2
R σ , may be 
calculated from: 
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This value is normally the minimum attainable variance 
within a mixture. The well-known Lacey index [5] is defined 
as: 
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where 
2 S  is the variance of the mixture between fully 
random and completely segregated mixtures [2]. 
The degree of mixing can be represented by a variety of 
more complicated mixing indices, which attempt to measure 
the extent to which mixing has approached complete 
randomness. Schofied and Sutton [6] have critically reviewed 
the more commonly used indices. These are shown in Table 1. 
[7]   
 
TABLE 1. The mixing indices used. 
Index 
no. 
Author Mixing  index Range 
1  Lacey 
 
M= (σ0
2 –S
2)/( σ0
2
 - σR
2)  0 to 1 
2
  Kramer 
 
M= (σ0-S)/( σ0- σR)  0 to 1 
3 
Lacey, 
Weidendam 
and Bonilla 
M= σR/S  <1 to 1 
4  Ashton and 
Valentin 
M
2=(log σ0
2 –log S
2) /    
( log σ0
2
 – log σR
2) 
0 to 1 
5
 
Poole, 
Taylor and 
Wall 
M= S/ σR  >>1 to 1 
6
 
Carely-
Macauley 
and Donald 
M= (S
2- σR
2)/(1-(1/n))  >>0 to 0 
 
III.  EXPERIMENTAL 
A.    Physical Properties of Feed Particles. 
 Two types of polymer particles referred as white polymer 
and black polymer materials were used as the feed material in 
this study. Table 2 lists the physical properties of polymers 
used. 
 
TABLE 2. Some physical properties of polymers used. 
Parameter  White 
polymer  
Black 
Polymer  
Mean particle size, p d
−
 µm)  3465 3502 
Size range,  p d  (µm)  4750-2360 4750-2360 
Particle density, ρp (kg/m
3)  923 1105 
Bulk density, ρb (kg/m
3) 617  745 
Geldart classification [8]  D  D 
B.    Experimental Set-up and Methodology. 
Experiments were conducted in a fluidised bed. The 
fluidisation column was constructed from Perspex cylinder, 
143 mm in diameter and 1000 mm length. A pressure probe 
connected to a water manometer measured the pressure drop 
across the bed. A transparent scale was attached on the bed 
wall to provide direct bed expansion measurement. The gas 
inlet system comprises of variable speed motor, a flow and gas 
distributor was designed according to recommended of Wen et 
al. [9], and the total number of orifice was calculated to be 217 
orifices. The schematic of the fluidised bed column is shown 
in Figure 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figurer 1. Conceptualised fluidised bed used in this work. 
 
 
The experiment was started by charging a known weight of 
particles into the bed to give a predetermined bed depth as 
listed in Table 3. The bed depth used was chosen such that 
slugging won't occur in the bed; Hmsc.  
 
TABLE 3. Experimental series of mixing in a fluidised bed. 
Parameter  Range of values 
Umf   (m/s) 1.35 
Operating gas velocity, U  Umf , 1.15 Umf ,1.38 Umf  
Bed depth, H (cm)  10, 15, and 17 
Bed weigh, m (kg)  1.042, 1.563, and 1.772 
Hmsc (cm)  18.98 
Duration, t (sec) 5,10,12,15,20  and  30 
 
In every case it was ensured that the white polymer was a 
fraction of 75% by volume (i.e. 71.3% by weight), black 
polymer 25% by volume (i.e. 28.7% weight) of the total 
weight fed into the column. Compressed air at rang from 0.4 
to 0.6 MPa was the supplied into the bed to fluidise the 
particles mixture. The air was supplied to give a gas velocity 
above the minimum fluidisation velocity, Umf , namely 1.35 
m/s. Several gas velocities were used in this case as listed in 
Manometer
Distributor
Flowmeter
Air from the main 
compressor.  
Bed 
Windbox
Downstream valve
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Table 3. Each experiment was carried out for durations of up 
to 30 seconds. In this work, side-sampling thief method is 
used. It removes sample portions from different locations in 
the mixture of fluidised bed.         
The quality of mixing is assessed by examining the degree 
of particles in each sample. In this work, Lacey mixing index 
defined in (Eq.5), has been used to express the different in 
compositions throughout the mixture product.  
IV.  RESULT AND DISCUSSION 
A.  Comparison of Different Mixing Indices  
Table 4 shows the comparison between different mixing 
indices obtained from this work, using fluidised bed mixer. 
The values listed Table 4 is that obtained at optimum 
operating time. In this case the optimum operating time is the 
time taken to result into the maximum and constant value of 
mixing index, M. 
 
 
             TABLE 4. Comparison between different mixing indices. 
Mixing index, M, (-) 
Depth height = 10 cm  Depth height = 15 cm  Depth height = 17 cm 
Mixing 
index, M 
Umf  1.15Umf 1.38Umf  Umf  1.15Umf 1.38Umf  Umf  1.15Umf 1.38Umf 
1
*  0.746 0.976  0.992 0.830 0.977  0.996 0.670 0.986  0.997 
2  0.043 0.130  0.218 0.043 0.116  0.244 0.029 0.183  0.304 
3  0.507 0.863  0.926 0.599 0.861  0.952 0.433 0.899  0.962 
4  0.423 0.691  0.781 0.469 0.682  0.815 0.368 0.745  0.843 
5  23.299 7.688  4.591 23.055 8.591  4.091 34.182 5.478  3.286 
6  0.218 0.066  0.039 0.178 0.066  0.026 0.249 0.051  0.022 
                 *1 (Lacey), 2 (Lacey, Weidendaum, & Bonilla), 3 (Kramer), 4 (Aston & Valentin), 5 (Poole, Taylor & Wall), and 6 (Carely,-Macauuley & Donald).  
 
 
B.    Effect of Mixing Time. 
There is a certain duration at which maximum mixing index 
is achieved. The time depends on the fluidisation velocity 
used, as well as the bed depth.  Figures 2 (a), (b), and (c) show 
the results of mixing index at different mixing time for 
different operating velocities and bed depths.  
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Figure 2. Effect of mixing time on Lacey mixing index at 
different gas velocity, and bed    depth equals to:  (a) 10 cm, 
(b) 15 cm, (c)    17 cm. 
 
 
 
It is interesting to note that the Lacey mixing index for all 
takes time to reach an equilibrium value. The observations 
from the Figures show that the optimum mixing time depends 
on the superficial gas velocity. This can be attributed to that; 
when the velocity increased, the bubble flow rate will increase 
and hence the mixing process will increase. 
C.  Effect of Gas Velocity. 
    Figures 2 (a), (b), and (c) show the results for superficial 
gas velocity equals to Umf, 1.15Umf, and 1.38Umf. It shows for 
all the cases that as mixing proceeded, the mixing index 
gradually increased until equilibrium of mixing was reached. 
It is interesting to note that the Lacey index at the mixing 
equilibrium was about the same (i.e., M  ≈ 0.99) for the 
superficial gas velocity equals to 1.15 Umf,  and 1.38 Umf. 
Nevertheless, the mixing index equilibrium less was (M  ≈ 
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0.65-0.85) for the superficial gas velocity equals to Umf. This 
suggests that the degree of mixing achievable at this condition 
vary with gas velocity. This was due to the lack of bubbles 
under this condition, which was evident from analysis of 
snapshots. Results observed in Figures 2 (a), (b), and (c) also 
suggest that the average rate of mixing increase with 
increasing gas velocity for the conditions examined. It agrees 
with the general trend reported in the literatures.  
D.   Effect of Bed Depth. 
The purpose of these experiments is to obtain the best bed 
depth of fluidised bed to give homogenous mixture at critical 
time. Figures 3 (a), (b), and (c) depict the variation of mixing 
index as a function of time and depth height. It is shown that 
the mixing index increases when the bed depth decreases. 
However, it is noticeable that the mixing index increases, as 
the gas velocity increases. These two remarks illustrate that 
there is relationship between the bed depth and gas velocity in 
order to attain good mixing. From Figure 3(c), it is exhibited 
that at a sufficiently high gas velocity (namely 1.38Umf in this 
case) the effect of bed depth diminished. 
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Figure 3. Effect of bed depth on Lacey index in fluidised bed, 
with gas velocity equals to: (a) Umf, (b) 1.15Umf, (c) 1.38Umf. 
E.    Process Optomisation. 
Process optimisation is important to produce required 
product at optimal conditions. For mixing by fluidised bed, the 
optimal mixing index depends on the gas flow rate, where the 
power consumption increases as gas flow rate increases.  
In order to calculate realistic values of the optimal operation 
it is necessary to make assumptions about the pressure drops 
across the distributor plate, as well as across the fluidised bed. 
Of course if the pressure drops are assumed to be the same for 
all the cases an alternative value can be calculated simply   
relation based on the gas flow rate and mixing time per mixing 
index and mass of solids quantity, K namely,  (Q.ρg.t)/(M.m) 
against the Lacey mixing index. In this case the optimum 
operation would be given by the condition at which the K 
value is minimising for a specified M value. From Figure 4 the 
observation shows that the case of 17 cm bed depth with 
1.38Umf is the optimum operation, since it offers the minimum 
value of K, means minimum specific energy consumption, 
based on mixing index of 0.99. 
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Figure 4. Dimensionless mixing factor, K .vs. Lacey mixing 
index, M (-) for mixing by a Fluidised bed 
 
V. CONCLUSION  
The experimental investigation of this paper leads to 
conclusion can be summarised as follows: 
    A fluidised bed mixer has been used in this work. Results 
are shown the comparison between different six mixing 
indices used in this work. The results show that the Lacey 
mixing index is the best efficient compared with others.  
In the fluidised bed, three gas velocities had been used 
namely 1.35 m/s (Umf), 1.55 m/s (1.15Umf) and 1.87 m/s 
(1.38Umf), whilst bed depths used were 10, 15 and 17 cm. The 
results indicate that the rate of solids mixing increases with 
increasing gas velocity, whilst the degree of achievable mixing 
is unaffected by gas velocity. The degree of mixing was found 
increase with increasing time until an equilibrium mixing 
index was achieved. The effect of bed depth was found 
decrease with increasing mixing index. Optimising the process 
by minimising the K value and choosing an optimum 
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equilibrium mixing index of 0.99, it has been shown that 
conditions at 1.38Umf and bed depth of 17 cm gave the most 
desirable result.  
Finally, it is shown that mixing in a fluidised bed is the 
most efficient and economical way. An advantage of this 
model is that it is easy to use, not as complicated as complete 
mixing is attained in few seconds, and exhibit the lowest 
power losses. 
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